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ments  Branch,  Training  Research  Division,  vo,'r.p.  Human  Resources  Laboratory, 
Wright  Patterson  Air  Force  Base,  Ohio.  Charles  o.  Hopkins  va',>  the  study 
manager.  Cyrus  D.  Crites  was  the  principal  investigator.  The  research  was 
conducted  under  Contract  F33615-68-C-1476  during  the  period  15  May  1968 
through  15  July  1969.  This  report  was  submitted  by  the  author  on 
20  September  1969. 

The  research  was  conducted  in  support  of  Project  1710,  "Human  Factors 
in  the  Design  of  Training  Systems,"  and  Task  171006,  "Personnel,  Training  and 
Manning  Factors  in  the  Conception  and  Design  of  Aerospace  Systems."  Dr.  Gordon 
Eckstrand  (HRT)  was  the  Project  Scientist  and  Mr.  Melvin  T.  Snyder  (HRTR)  was 
the  Task  Scientist.  Mr.  J.  Peter  Kincaid  (HRTR)  served  as  the  contract  tech¬ 
nical  monitor. 

This  project  deals  with  three  techniques  for  Personnel  Subsystem  Test 
and  Evaluation.  This  document  defines  the  press  camera  with  Polaroid  back 
technique,  the  other  two  are  described  In  AFHRL-TR-69-16  "Miniature  Event 
Recording  as  a  Technique  for  Personnel  Subsystem  Test  and  Evaluation,"  and 
AFHRL-69-18  "Video  Tape  Recording  as  a  Technique  for  Personnel  Subsystem  Test 
and  Evaluation." 

The  author  wishes  to  thank  government  and  contractor  personnel  of  the 
F-4E  Category  I,  II,  and  III  tests  for  their  participation  in  this  research. 
Significant  contributions  in  the  form  of  assembly,  checkout,  operation  and 
maintenance  of  the  camera  system  were  made  by  John  Gunnarson. 

This  technical  report  has  been  reviewed  and  is  approved. 


Gordon  A.  Eckstrand,  Ph.D 

Chief,  Training  Research  Division 

Air  Force  Human  Resources  Laboratory 
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ABSntACT 


A  study  ws«  perfornad  to  develop  new  Personnel  Subsystea  Test  and  Eval¬ 
uation  (PSTE)  techniques  for  uae  during  Categories  II »  and  III  Testing  of 

ground  operator  and  aaintenance  functions.  This  report  describes  the  devel- 
opaent,  aodiflestion,  and  refineaent  of  a  press  caaera  systea  as  a  PSTl 
technique.  Equipaent  and  operational  procedures  developed  for  tha  technique 
were  evaluated  under  various  conditions*  including  Category  II  Testing  at  an 
Air  Force  base.  Resulte  showed  the  utility  of  the  caaera  technique  for 
huaan  engineering  and  task  assesaaent.  specific  reconaendations  are  given 
for  use  of  this  technique  froa  systea  concept  through  operational  uae. 


ill 


SUMMARY  AMD  COMCLUSIOHS 


Probl— ?  The  human  component  of  complex  Air  Force  w'sapon  sya terns  consti¬ 
tutes  a  vital  part  of  the  systm.  If  such  things  as  p^rronnel  manning,  or 
human  engineering  of  the  system  are  done  haphasardly,  thfi  efficiency  of  the 
system  will  be  degraded,  coat  of  carirylng  out  the  syster.'s  mission  will  go  up, 
and  personnel  operating  and  maintaining  the  system  might  even  be  placed  In 
danger.  To  guard  against  mistakes  like  this  occurring  and  to  Insure  that  Air 
Force  systems  are  well  designed  from  the  human  standpoint,  systems  under 
development  are  subjected  to  a  process  known  as  Personnel  Subsystem  Test  and 
Evaluation  (PSTE).  The  purpotte  of  PSTB  Is  to  check  the  various  Personnel  Sub- 
iiystcm  elements  (e.g..  Human  Engineering,  Qualitative  and  Qtiantltatlve  Personnel 
Requirements  Information,  Training  Equipment)  for  their  adequacy  during  various 
stages  of  system  development  (Category  1,  II,  and  III  testing.)  In  principle, 
the  PSTE  process  should  insure  that  systems  are  well  designed  from  the  husun 
factors  standpoint.  In  practice,  PSTE  has  not  always  been  effective.  One 
reason  for  this  Is  that  PSTE  has  usually  been  concentrated  late  In  the  system 
development  process  (e.g.,.  Category  II  Testing).  By  this  time,  system  design 
Is  frosen  to  the  extent  that  changes  are  enormously  costly  and  time-consuming. 
Changes  are  generally  Instituted  only  when  a  safety  problem  exists,  or  when 
modification  In  a  training  procedure  seems  practical.  Another  reason  for  this 
Is  that  the  measuresmnt  tools  used  for  conducting  PSTE  have  typically  been 
restricted  to  interviews,  checklists  and  questionnaires.  The  research  problem, 
then,  was  to  develop  a  number  of  PSTE  techniques  that  objectively  measure 
human  performance  In  a  systems  environment.  Fftrther,  It  had  to  be  demonstrated 
that  these  techniques  as  used  in  a  field  system  testing  exercise  could  Impact 
system  design.  To  do  this,  the  techniques  had  to  be  applied  In  situations 
before  design  Is  completely  fixed  and  they  had  tu  produce  convincing  enough 
d..ta  to  persuade  design  engineers.  Category  test  officials  and  System  Program 
Office  (SPO)  personnel  to  institute  design  and/or  procedural  changes. 

Approach;  Three  techniques  were  chosen  for  development  and  field  testing. 
Besides  a  press  camera  with  a  Polaroid  back,  these  Included  a  video  tape 
recorder  (covered  in  AFHRL-TR-69-18  and  a  miniature  event  recorder  (APHRL-TR- 
69-16) .  The  systems  selected  as  test  vehicles  (various  models  of  the  f-4  air¬ 
craft)  were  undergoing  Category  I?  Testing  at  Edwards  AFB,  California,  and 
Nellis  AFB,  Nevada.  Subsystems  included  In  the  study  were  %he  AN/APQ  Radar, 
the  Martin  Baker  Mark  H7  rocket  ejection  seat  and  the  Rockeye  14C20  boaib.  Tasks 
evaluated  using  the  camera  Included  such  things  as  weapons  hanging,  Tuintenance 
of  the  Martin  Baker  seat,  a  trial  installation  of  a  devlopsmnt  stage  mlselle, 
and  technical  order  validation.  Because  the  F'4  is  an  aircraft  that  has  under¬ 
gone  a  number  of  model  changes,  It  was  considered  s  good  system  on  which  to 
probe  the  limitations  and  uses  a  prass  camera  with  a  Polaroid  back  as  a  PSTE 
tool.  Thus,  design  and  procedure  changs  recoflMndatlons  could  be  incorporated 
into  later  models.  The  video  tape  recording  equipment  was  specially  modified 
at  the  contractor's  facility  for  portability  and  ease  of  operation  required 
for  efficient  data  gathering  in  the  system  test  situation  (which  is  charactet- 
ixed  by  a  requlresient  for  quick  reaction).  The  principle  Investigator  spent  a 
total  of  four  months  at  Edwards  AFB  (during  this  time  traveling  to  Neills  AFB) . 
Ttic  purpose  was  to  record  test  situations  that  had  implications  for  human 
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factors  design,  and  to  convince  the  various  groups  responsible  for  system  test-" 
Ing  and  design  (e,g.,  major  air  coniaand,  SPO,  testing  and  contractor  groups) 
of  the  value  of  the  technique.  Extensive  field  evaluation  of  the  technique  was 
accomplished  be'ause  this  was  the  only  way  to  demo|istrate  that  the  technique 
was  valuablo  for  carrying  out  Its  Intended  purpose,  and  to  probe  the  limits  of 
Its  usefulness.  A  detailed  procedure  describing  the  particular  configuration 
of  the  camera  used  In  the  research  effort  and  procedures  for  Its  field  use  are 
contained  In  the  appendix. 

Results :  The  camera  used  in  the  study  consisted  of  a  4"  x  5"  Crown 
Graphic  Camera,  a  Polaroid  Land  Film  Holder  #500,  a  Western  Master  V  Light 
Meter,  and  a  Sampson  Tripod.  One  film  packet  was  Inserted  Into  the  camera  at 
a  time.  The  photographic  data  obtained  could  be  of  one  of  three  types:  (1) 
black  and  white  print,  (2)  black  and  white  negative  and  print,  or  (3)  color 
print.  Potential  applications  of  the  camera  in  support  of  PSTE  Include  the 
following;  (1)  It  can  be  used  to  cval’jate  visual  access  problems  (the  camera 
caa  "see"  what  the  Individual  sees  from  his  working  position) .  (2)  A  work 
envelope  can  be  eotablished  for  anthropometric  evaluation  by  placing  a  stringy 
grid  network  between  the  camera  and  the  subject.  (3)  The  effect  of  parallax 
on  reading  displays  can  be  established  and  the  resulting  error  can  be  measured. 

One  of  the  uses  of  the  technique  probed  In  the  study  was  Its  use  In 
extracting  data  off  of  a  television  monitor  when  the  monitor  was  showing  the 
playback  of  a  video  taps  recording.  For  example,  this  was  done  when  a  video 
tape  recording  was  taken  documenting  the  difficulties  In  removing  a  radar 
antenna  tecauae  of  Che  design  of  the  beiich  and  the  lack  of  a  special  piece  of 
aerospace  ground  equipment  (AGE) .  Polaroid  photographs  of  critical  parts  of 
this  task  aided  In  the  analysis  that  determined  difficulties  in  both  design 
and  procedure.  Also,  the  Polaroid  photographs  aid  In  writing  PSTE  reports 
because  they  greatly  simplify  the  problem  of  describing  equipment.  PSTE 
problems  that  are  depicted  by  photographs  are  more  effective  in  persuading 
lesponslblo  Individuals  to  do  something  about  the  problem  than  Is  a  verbal 
description  of  those  same  problems.  The  particular  camera  configuration  used 
In  this  study  produced  photographs  of  good  quclity.  The  unique  advantage  of 
a  Polaroid  camera  is  that  photographs  can  be  examined  on  the  spot  and  if  phe 
photograph  is  not  adequate,  another  one  may  be  taken.  PSTE  probleDS  muat  be 
documented  as  they  occur  because  frequently  they  do  not  occur  again.  Several 
Improvements  on  the  camera  configuration  are  suggested  in  the  f''ll  report. 

Conclusions :  The  use  of  a  Press  camera  with  a  Polaroid  back  as  a  method 
of  assc  ing  performance  in  the  context  of  system  testing  has  been  demonstrated 
to  have  real  potential.  The  configuration  suggested  in  the  full  report  is 
inexpensive  and  relatively  easy  to  use  and  a  camera  like  the  one  described 
should  be  made  available  to  PSTE  personnel  at  the  teat  sites  and  at  contractor 
facilities.  A  particular  effort  should  be  made  to  institute  the  human  factors 
testing  program  as  early  in  the  system  development  process  as  is  pcaslble. 

This  is  the  most  cost-effective  way  systems  can  be  well  designed  from  a  human 
factors  standpoint. 

This  summary  was  prepared  by  J.  Peter  Kincaid,  Personnel  and  Training 
Requireasents  Branch,  Training  Research  Division,  Air  Force  Human  Resources 

I  aboratet'/. 
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SECTION  I 


INTRODUCTtOH 


?ROOLEM 

Persoonel  Subiysten  Test  and  Evaluation  (F3TE)  has  been  hampered  by  two 
problems:  (1)  PSTE  equipment  has  not  always  been  adequats,  and  (2)  PSTE  has 
sometimes  been  though  of  as  an  Isolated  element  tacked  onto  the  end  of  systsm 
development. 

In  part,  the  first  problem  Is  a  carry-over  from  wiien  human  engineering 
was  directed  primarily  toward  air  crew/ cockpit  evaluation.  Problcmr,  such 
as  oxygen  consumption,  toxic  gases,  vertigo,  and  lighting  were  emphasised. 

Most  test  equipment  was  specialised  and  measured  a  specific  substance  or 
physical  value. 

With  the  advent  of  the  total  systesc  coi.cen't,  many  of  the  techniques  and 
equipment  used  for  air  crew/ cockpit  evaluations  were  retained  and  redirected 
toward  maintenance.  However,  these  methods  do  not  provide  the  broad  approach 
required  for  evaluating  human  performance  In  the  system. 

The  Inedequocles  of  currently  used  PSTE  techniques  are  aggravated  In  most 
test  situations  because  of  understaffed  PSTE  teams  and  the  great  quantity  of 
system  personnel,  equipment,  and  procedures  to  be  evaluated. 

In  e  well  conceived  and  executed  Personnel  Subsystem  (PS)  program,  PSTE 
should  not  be  treated  as  an  isolated  element.  Rather,  PSTE  should  deal 
broadly  with  hcnan  engineering  and  life  support,  training  and  training  equip¬ 
ment,  qualltati'v?  and  quantitative  pertonnel  requirement  information,  and 
personnel-equipment  data,  '’’ven  when  the  system  Is  operational,  the  knowledge 
gained  In  these  efforts  Is  applied  to  Engineering  Change  Proposals  (ECP's), 
later  models,  and  new  systems. 

PSTE  planning  should  concentrate  on  those  systems,  subsystoas,  and  com¬ 
ponents  most  likely  to  cause  problems  when  user  personnel  operate  and  main¬ 
tain  then.  This  basic  problem-solution  orientation  requires  quick  and  accur¬ 
ate  Identification  of  critical  tasks. 

PURPOSE 

The  purpose  was  to  identify,  develop,  end  assess  new  devices,  Instruments, 
and  techniques  for  making  PSTE  more  effective. 

APPROACH 

The  approach  consisted  of: 

s.  Selection  of  two  subeystems  to  velldste  new  PSTE  technique#. 


b.  Study  of  selected  subsystems  le  areas  where  PSTE  of  ground  operator 
and  maintenance  functions  should  be  accomplished. 

c.  Evaluation  of  techniques  and  equipment  that  have  potential  for  lm~ 
proving  PSTE.  and  selection  of  the  three  most  promising. 

d.  Development  of  selected  techniques  end  equipment  to  make  them  fleld- 
vorthy. 

e.  Development  of  test  guides  for  the  techniques  that  specify  the  test 
criteria,  step-by-step  Instructions,  and  data  treatment. 

f.  Application  of  the  techniques  to  the  testing  of  two  subsysteias. 

g.  Assessment  of  the  value  of  the  techniques  for  PSTE  and  for  evaluating 
early  design. 

h.  Identification  of  the  unique  capabilities  of  the  techniques. 

1.  Definition  of  further  development  needs  for  the  techniques. 

The  details  of  the  approach  are  to  be  found  in  Figure  1. 

OVERVIEW 

Experience  with  moat  past  PSTE  programs  Indicated  that  the  overall  re¬ 
quirements  for  PSTE,  as  defined  in  AFSCM  80-3,  AFR  30-8,  and  AFR  00-14,  exceed 
the  capabilities  of  the  PSTE  staff.  At  the  same  time,  most  test  personnel 
agree  that  PSTE  should  be  more  r-xtenslve  than  present  requirements  permit  be¬ 
cause  personnel  problems  are  so  pervasive  and  critical  for  operational  success. 

In  the  past,  the  pilot/cockpit  evaluation  has  received  moat  of  the  PSTE 
teams'  attention  and  effort.  This  la  because  of  the  pilot  orientation  of  the 
test  teams  and  because  many  areas  related  to  mission  success  are  aircrew 
functions.  Maintenance,  technical  publications,  AGE,  maintenance  training, 
and  maintenance  training  equipment  have  not  received  adequate  evaluation, 
perhaps  because  they  are  difficult  t"  evaluate.  Thus,  only  serious  and  ob¬ 
vious  maintenance  problems  are  reported,  while  many  others  are  unreported  or 
their  causes  poorly  Identified,  This  study  was  directed  specifically  to  im¬ 
prove  the  ability  of  the  PSTE  team  to  Isolate,  Identify,  report,  and  solve 
maintenance  problems. 

is  usually  a  reactive  process,  concentrating  on  areas  where  prob¬ 
lems  exist.  This  approach  prerimea  that  test  personnel  know  beforehand  what 
constitutes  a  7STE  problem  and  then  concentrate  their  effort  there,  rhis 
approach  has  been  moderately  successful,  and  the  results  have  been  signifi¬ 
cant.  However,  it  does  not  provide  for  the  thorough,  methodical  wringing  out 
of  the  system  that  is  needed  to  complete  the  approach  of  engineering  and  other 
test  disciplines.  Results  often  verify  a  problem,  but  seldom  Identify  one 
through  analysis,  especially  unaciclpated  onea  that  can  profoundly  affect 
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FIGURE  1  -  THE  TECHNICAL  APPROACH  USED  IN  THE  STUDY 
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nlsslon  success.  Procedures,  equipment,  and  manning  are  accepted  at  face 
value  with  only  token  attempts  to  aseesa  them  for  maximum  effectiveness.  PSTE 
has  had  growing  pains.  It  has  been  better  to  achieve  selective  success  than 
to  evaluate  the  whole  personnel  subsystem  and  fall. 

Field  experience  suggests  an  approach  that  provides  more  effective 
utilization  of  PSTE  manpower  and  a  more  methodical  and  complete  evaluation  of 
PS  elements.  This  is  the  development  of  better  assessment  techniques  and  their 
associated  equipment  and  criteria. 

Three  techniques  chosen  were: 

*  miniature  event  recorder 

*  vi'^eo  tape  recorder 

*  press  camera  with  a  Polaroid  back 

The  press  camera  system  is  composed  of: 

*  4  in.  X  5  in.  press  camera 

*  Polaroid  film  holder 

*  Light  meter 

*  Tripod 

The  camera  system  is  illustrated  in  Figure  2. 

The  camera  system  possesses  several  unique  features  aided  In  the  imple¬ 
mentation  of  PSTE: 

*  Imagery  is  ready  for  viewing  in  less  than  one  minute  after  exposure. 

°  Relatively  large  format,  4  in.  x  5  in.,  allows  the  evaluator  to  make 
notations  on  the  print,  and  the  print  is  large  enough  to  be  used  in 
reports. 

”  Ground  glass  focusing  provisions  allow  for  precise  focus,  framing, 
and  positioning. 

Test  guides  were  developed  to  implement  the  techniques  based  upon  the 
field  tryouts.  These  guides  define  the  objectives,  criteria,  and  procedures 
for  field  use  of  the  technique. 

Several  trips  were  made  to  Air  Force  bases  where  F-4  tests  were  in  pro¬ 
gress.  Thu  new  techniques  were  discussed  in  depth  with  test  management  per¬ 
sonnel,  Test  directors  showed  great  interest  and  all  cooperate  in  implement¬ 
ing  the  techniques. 
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The  test  site  selected  for  Inpleoentlng  the  study  was  the  F-4E  Category 
II  test  at  Edwards  A7B,  California.  The  equipment  was  used  there  for  four 
months  beginning  In  mid-November  1968.  It  was  used  for  the  PSTE  of  the 
AN/APQ  120  radar,  the  Martin  Baker  Mark  H7  ejection  seat,  and  several  other 
systems  and  subsysteKs. 

The  results  are  described  In  Section  IV.  The  technique  Is  assessed  In 
Section  V.  The  application  of  the  camera  technique  to  earlier  design  and 
phases  of  system  design  is  also  discussed. 
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SECTIOM  II 


METHODS 


The  selection  of  techniques  and  equlpnent,  the  developaent  of  field¬ 
worthy  equipment,  and  the  plana  for  applying  the  techniques  are  described 
here. 

SELECTION  OF  TECHNIQUES 

The  wide  variety  of  off-the-ahelf  equipment  requires  selecting  the  moat 
appropriate  equipment  using  these  criteria: 

Will  Oblectlvelv  Measure  Humfl"  i*f«‘f»rBe,ffce 

Human  performance  assessment  is  essential  to  PSTE  Just  as  equipment  per¬ 
formance  measurementa  are  essential  to  engineering.  PSTE  test  condi¬ 
tions  do  not  permit  the  control  over  measures  possible  in  the  laboratory. 
For  example,  measuring  instruments  cannot  be  attached  directly  to  main¬ 
tenance  personnel.  However,  the  techniques  must  provide  data  in  terM 
of  time,  (istaiice,  anthropoMtry,  and  task  difficulty. 

Will  Provide  Data  Useful  for  the  System  Test  aa  a  Whole 

Data  collected  for  PSTE  is  important  to  ocher  test  activities.  The  in¬ 
terpretation  of  results  may  require  multi-disciplinary  interpretation. 
Thus,  PSTE  data  must  be  in  a  form  readily  applicable  to  other  efforts. 

Will  be  Usable  on  all  Test  Activities 


In  addition  to  slowing  down  the  maintenance  effort,  interference  can 
lead  to  invalid  Information.  The  techniques  should  not  requite  special 
scheduling  of  maintenance  casks  which  interrupt  normal  work. 

Will  Have  Application  to  Many  Subsystems 

Equipment  may  be  useful  for  specialised  hardware  and  hinan  performance 
areas  but  does  not  have  broad  applicabilities.  Much  specialised  equip¬ 
ment  becomes  Coo  cumbersome  and  expensive  for  field  use. 

Will  not  Require  Extensive  Training  to  Use 

Techniques  should  not  call  for  a  high  skill  level,  or  for  an  abnormal 
amount  of  prior  knowledge. 

Will  Generate  Data  in  a  Form  Readily  Uaable  by  SPO's.  Contractors,  and 
the  Using  Cosawnd 

Coamunication  between  Che  test  site  and  all  interfacing  militar/  and  con¬ 
tractor  groups  is  a  problem.  The  data  should  sid  in  the  understanding 
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of  the  prokl«9u  directly  without  Interpretetlou  by  expert*.  Any  wethod 
that  would  speed  and  enhance  understanding  would  receive  special  atten¬ 
tion. 

Will  Have  a  Past  Reaction  Capabtlitv 

Because  testing  Is  geared  to  a  schedule »  nslntenance  tasks  are  perlotned 
as  soon  as  practicable.  Moat  Maintenance  Is  based  on  unanticipated 
failures.  PSTE  equlpnent  that  requires  extensive  hook-up  tise,  cali¬ 
bration,  and  preparation  would  not  be  practical. 

Will  Provide  Operationally  Significant  Results 

Techniques  that  can  Identify  the  relationship  of  the  task  to  launch  tine, 
tum-around  tine,  operational  ready  status,  and  ordnance  uploading  and 
down-loading  should  be  given  special  consideration. 

SELECTION  OP  TEST  SITE 

The  selected  PSTE  tedhnlques  were  to  be  developed  and  validated  by  use 
In  an  ongoing  ayaten  teat.  McDonnell  Douglas  has  Inplenented  the  PS  prograne 
on  the  P-4  aircraft.  The  F-4E  aircraft  was  In  Category  I,  II,  and  111  testing 
during  thla  study. 

F-4E  testing  was  being  carried  on  at  three  locations: 

*  Category  I  test  at  the  MDC  Psclllty  at  Edwards  APB. 

*  Category  II  test  by  a  joint  AFSC  and  Tactical  Air  Ccssiand  test  teaa 
St  Edwards  APB. 

*  Category  III,  prlaarily  Tactical  Air  CoasMuid,  was  at  Nellis  APB  and 

Eglin  Several  trips  had  been  made  to  each  of  these  bases  by 

the  Principal  Investigator.  Additional  trips  were  nsde  to  discuss 
study  objectives,  scope,  and  requirenents .  Test  nanageaent  was 
Interested  In  the  proposed  techniques,  and  understood  the  difficulties 
in  evaluating  Maintenance.  They  were  ecpecially  helpful  in  identify¬ 
ing  the  applicable  testa. 

Test  site  selection  was  baaed  oc  the  follovliig  aasessMcnta: 
a.  Edwards  AFB,  F-4B  Aircraft  Category  II  Test. 

This  P-4E  was  in  its  second  year  of  testing.  A  fomal  PSTE  prograM  was 
being  inplsMented  by  a  teaa  coapoaed  of  AFSC  officers.  Air  Training  Coaatand 
Non  Conalsaiooed  Officers,  and  contractor  personnel,  including  a  PSTE  re¬ 
presentative  froa  MDC.  Because  the  test  teaa  war  fanillar  with  PSTE,  in¬ 
doctrination  was  not  required.  Because  the  tests  were  also  prlaarily  veri¬ 
fying  perfomance,  new  PSTE  techeniques  would  not  create  concern.  In 
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addition,  the  F-4E  CatcsKory  I  test  was  being  conducted  a.  the  HOC  Facility  at 
Edwards  AFB  and  night  aid  evaluation  of  activity  at  an  earlier  stage  of 
equlpieent  developaent. 

Unfortunately,  only  two  F-4g  aircraft  were  In  syateei  teat,  and  one  of 
these  ;ild  not  have  a  radar  subsystSB.  Thus,  the  naintenance  voliae  was  quite 
low.  It  also  was  being  perfoned  by  AFSC,  TAC,  contractor,  and  vendor  person¬ 
nel  who  ere  not  representative  of  an  operational  unit.  Training,  training 
equipwant,  and  QQFRI  were  not  enaalned  because  F-4E  training  was  not  being 
conducted.  Also,  the  logistic  supply  situation  was  not  typical. 

b.  Eglin  AFB,  F-4S  Aircraft  Category  III  Test 

The  Category  III  testing  on  the  F-4B  was  ending  as  this  study  began,  but 
operational  testing  was  scheduled  to  continue  during  the  study  period  in  a 
series  of  'follow  on'  tests.  The  33rd  Tactical  Fighter  Vlng  of  F-4B's  was 
based  at  Eglin  AFB  and  In  training.  Because  of  the  large  voluae  of  aalntao- 
ance,  naintenance  personnel,  and  the  use  of  operational  procedures,  this  sits 
offered  the  wost  realistic  operational  envlronaent  abort  of  Southaaat  Aala. 

The  33rd  Tactical  Fighter  Wing  was  preparing  for  deploynant,  accelerating 
certain  naintenance  functlona.  Injecting  untried  PSTE  techniques  In  .o  e 
stressful  situation  could  create  resentnent.  Since  PSTE  was  not  being  Inple- 
nented,  there  was  no  established  work  base  nor  proviaione  for  reporting 
results. 


c.  Nellis  AFB,  F-4E  Aircraft  Category  III  Test. 

This  site  also  was  being  used  for  r-4B  Cctegory  IIT  teste  in  coordination 
with  Eglin  AFB.  There  was  a  greater  volwe  of  naintenance  activity  here  then 
at  Edwards  AFB,  but  leaa  than  that  at  Eglin  AFB.  Nellla  did  not  have  a  PSTE 
effort  and  F-4E  training  and  training  equipnent  was  not  on  slta. 

The  following  reciwaundationa  were  nade  regarding  test  site  selection: 

(1)  Category  II  test  on  Che  F-4E  at  Edwards  AFB  would  continue  for 
several  nonths  and  afford  a  sound  basis  for  equipnent  evaluation 
under  testing  conditions.. 

(2)  P-4E  Category  II  test  persounei  at  Edvards  AFB  concurred  Chat  this 
study  would  be  useful  to  their  effort  and  that  they  would  cooperate. 

(3)  The  MDC  Edwards  AFB  Facility  offered  additional  potential  with  its 
P-4K  Category  I  effort,  and  F-4C/D/J/K/M  and  R?~4C/B  testing. 

(4)  The  Directorate  of  Material  at  Edvards  AFB  was  Interested  in  this 
study,  and  would  cooperate  In  Its  l^Ienentatlon.  The  DlrecCora*:e 
would  provide  for  evaluation  of  aircraft  and  subsysCesn  over  a  vide 
range  of  naintenance  and  would  allow  Interfaces  directW  with  Che 

Base  CosBMndar. 
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(5)  Nellla  AFB  wfis  near  anough  to  Edvards  AFB  <260  miles)  to  allow  some 
evaluation  under  Category  III  conditions. 

(6)  Developmental  problems  with  the  PSTE  test  equipment  would  interfere 
with  the  rapid  pace  at  Eglln  AFB.  These  problems  would  be  solved 

«s  part  of  Che  study,  but  they  could  degrade  operational  maintenance. 

Edwards  AFB  was  approved  as  the  evaluation  site  by  the  contract  technical 
monitor. 

SELECTION  OF  SUBSYSTEMS 

The  applicability  of  study  results  to  other  aerospace  systems,  including 
aircraft,  apscecraft,  missiles,  and  comand  and  control  systems  must  be  con¬ 
sidered  in,  sel«>''ting  subsystems  for  evaluation.  Therefore,  subsystems  should 
meet  most  of  tne  clrteria  in  Table  I. 


TABLE  I  lUBSYSTEM  $E..ECTIQN  CRITERIA 

BE  SUPFIClEaTLY  COMPLEX  TO  WARRANT  EVALUATION  (STRUCTURE, 
ELECTRONIC,  HYDRAULIC,  PNEUMATIC). 

Z  REQUIRE  DIAGNOSIS  OP  MALFUNCTION  AND  RFPaiR  BEYOND  SIMPLE 
STRUCTURAL  FAILURE  OR  THE  OBVIOUS  MALFUNCTIONS. 

1.  REQUIRE  ACE  FOR  MAINTENANCE. 

4.  NAVE  A  RELATIVELY  MICH  RATE  OF  FAILURE  AND/OR  FREQUENT 
adjustments,  and/or  servicing  FOR  OXYGEN,  HYDRAULIC  FLUID, 
AMMUNITION  OR  FUEL. 

5.  REQUIRE  BOTH  FULD  AND  ORGANIZATIONAL  MAINTENANCE. 

4.  BE  COMPATIBLE  WITH  SECURITY  REGULATIONS  SO  THAT  RESllTS 
CAN  BE  PUBLISHED  OPENLY. 


Two  subsystems  that  best  met  the  criteria  in  Tab'e  I  were  the  AN/APQ  ITO 
radar  and  the  Martin  Baker  Mark  H7  ejection  seat.  The  AN/APQ  120  radar  has 
claaislfled  elec?nts  but  which  could  be  avoided  In  reporting  study  results. 

a.  AN/aPQ  120  Pidar. 

This  radar  is  one  of  the  most  advanced  fire  control  systems  In  the  Air 
Force  Inventory,  was  scheduled  for  Category  II  test  at  Edwards  AFB  until 
April  1969.  The  complexity  of  the  equipment,  its  Importance  for  the,  mission, 
and  extensive  AGE  provided  a  comprehensive  base  for  evaluating  the  new  PSTE 
techniques  and  equipment  In  human  engineering,  training,  and  manning  areas. 

b.  Martin  Baker  Mark  H7  Roexet  Ejection  Sear, 

This  seat  replaced  the  Mark  5  seat  which  uses  gun  action  alone.  Pro¬ 
pelled  by  gun  and  rocket  power,  it  provides  a  lero  ground,  zero  altitude 
ejection  capability.  It  was  not  scheduled  for  formal  Category  I,  II,  or  III 
aircraft.  Farller  htman  engineering  evaluation  had  identified  maintenance 


tasks  Involving  servicing  of  pyrotechnic  devices  and  asny  loechanicsl  aechss- 
is«e.  This  subsystM  conpleted  the  electronic  characteristics  of  tha 
AH/APQ  120  Kadar. 


The  IVS  and  ACE  for  the  tvo  subsystesis  are  listed  in  Tables  II  throui^ 

IV. 

IBEHTIVICATIOH  OF  POINTS  AMD  CONDITIONS  fOE  PSTB 

The  identification  of  najor  polnto  and  conditions  for  PSTS  vas  guided  by 
the  prisary  requlranent  that  PSTE  should  provide  for  the  Pb  elasMots.  A 
secondary  requlreaent  was  that  PSTE  should  provide  for  assessing  of  basic 
huean  perfomance  to  include  leamlng,  aotor  skills,  perception,  group  behavior, 
precision  of  suvnaant,  snd  task  perforaa&ee. 

The  McDonnell  Ooitglas  F-A  PS  pertlclpeted  In  developing  the  AM/AFQ  120 
rsdst  snd  the  Martin  Baker  Mark  H7  ejection  seat.  Thie  resulted  In  Inputs 
to  AVE,  ACE,  technical  publicatlona ,  and  training.  Later  In  developisent,  PS 
personnel  were  Inviolved  In  Category  I,  II,  end  III  testing  of  these  eubsya- 
t«8.  Table  V  ah<:>WB  the  PS  interfaces  with  developaent  used  ro  idi  tlfy  the 
points  that  required  further  evaluation. 

Tlslng  is  laportant  for  conducting  PSTE  on  nalntenancs  tasks.  Bxcspt 
for  periodic  nalntensnce  and  Inspectlona,  Mintesacce  la  only  parforaad  when 
•alfunctlons  occur  or  when  special  testing  cltsngee  ere  nade.  The  reporting 
of  aalf unctions  is  processed  through  work  load  control.  Appropriate  person¬ 
nel  and  shops  are  assigned  to  rsctlfy  the  probIsB. 

The  nethod  of  selecting  the  task  for  study  dapended  on: 

a.  Priority  of  PSTE  evaluation. 

b.  Aaaoclatlon  of  taak  with  one  of  the  two  study  aubayatoss. 

c.  Potential  criticality  of  taak. 

These  conaideratiooa  did  not  preclude  the  use  of  the  caaera  for  other 
teat  functions,  such  pllot/ccckpit  evaluation,  or  heli^  used  to  docuwmt 
daautge  or  aquipnant  coc'lguratloua. 

The  organisation  of  o  F-4E  test  teas  is  shown  in  Figurs  3.  Tha  de¬ 
tailed  organisation  of  the  .  aiocwance  asetion  la  aho«fn  in  Plgure  A. 

Tha  location  and  tine  of  occurrence  of  nalntanance  varied  widely.  Prin¬ 
cipal  locations  were  flight  line,  hangar,  abop,  hot  line,  and  gun  butt  range. 
Maintenance  could  occur  at  anytina  in  any  2A  hour  period,  dependlog  on  ita 
criticali^v.  NlghttlM,  flight  lina,  hot  lint,  and  gun  ^tt  range  praacoted 
the  no«t  ditficult  envlronneaCs  for  PSTE.  However,  the  envlronaDental  effects 
on  taak  performance  have  been  sifnlficant  on  PSTE  conalderation. 
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TABLE  II  AH/APQ  IM  FIRE  CONTROL  SYSTEM  AIRBORNE  EQUIPMENT 


Part  Wo. 

53-870050-21 

-25 

-45 

-47 

-49 

-43 

-33 

-35 

-37 

-39 

-41 

-23 

-27 

-23 

-31 


Anteana 
CU  Traosisltter 
Stablliaation  Assembly 
Cable  Assembly 
Pump  Tube  Power  Supply 
Sf'pport  Structure 
Servo  Asse^ly 
Microwave  Aaseubly 
RT  Electronics 
Stalo,  Pulse 
CV  Electronic 
Co^utet 
Power  Supply 
Pulse  Transmitter 
Synchroniter 


53-870050-3 

Radar  Set  Control 

-5 

Rader  Test  Set  Control 

-■/ 

Antenna  Control 

-9 

Indicator  Control  Unit 

-11 

Pilot  Indicator 

-13 

PSO  Indicator 

-15 

yfount.  Pilot  Indicator 

-17 

Dehydrator 
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TABLE  Ml  AN/APO  120  ACE  (ORCANIZATIONAL-PIELO) 


53E340008-1* 

-7 

-13 

-17 

-19 

AN/A?M-84B 

TS-2059/AWM-18 

CMf-808/A 

HD-416A/U 

486991-110 

HE-6D/n 

AN/PSM-6 

AM/USM-IOSA 

803B/AF 

S3B340018-1 

53E340013-1 

53E340014-1 

53E340015-1 

53E150185-1 


53E34009-1* 

-3 

-5 

-11 

-17 

-19 

-21 


*  Coapriies  A 
**  So«e  of  the 


QftfiM’^ZAILQHAL  hOL 


Missile  Control  Systen  Test  Set 

Accessories  Kit 

MCSTS  Truck 

Dehydretor  Coapressor 

Control  Monitor 

Ksdsr  Modulstion  Test  Set 

RF  Power  Test  Set 

Voltage  Regulator 

Hydraulic  Puaping  Unit 

Missile  Interface  Test  Sat 

Electronic  Multlaetar 

Multijeeter 

Oscilloscope 

Differential  Voltaeter 

Extender*  Bar  Slide  Rail 

Radar  Test  Set 

Coaputer  Test  Set 

Supplemental  Kit 

LCOSS  Test  Set  AM/ASM-238 


FIELD  ACE 

Missile  Control  Systea  Test  Bench  Set** 

Console  #1 

Console  #2 

Console  13 

Console  #4 

Console  #S 

Console  #6 


Coaposite  Test  Facility,  Unique  and  Comoq  AGE 
organizational  ACE  is  used  with  bench. 
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Pai.L 

53-820000-1 

:,J-820000-3 


Part  Wo. 


328110077-1 

32E110012-1 

32E110013-1 

32!5110014-1 
32E110026-1 
MDE  32365 

MBEU  1925  RU 
MBEU  1730 


TABLE  IV  MARTIN  BAKER  MARK  H7  SEAT  AND  ACE 


AVE 

Bsacitottstt 

Rocket  Seat  Asseably  (Pilots  Seat) 
Rocket  Seat  Assembly  (PSO's  Seat) 


AGE 

Description 


Insertion  Device  -  Strap  Fittings 
Insert  -  Safety,  Firing  Mechanism 
Adapter  Assembly  -  Ejection  Seat 
Cradle 

Alignment  Kit  -  Rocket  Moszle 
Guard  -  Rocket,  Seat  Bucket 
Canopy  and  Seat  Ejection  Mechanism 
Tester  Assembly 
Torque  Wrench 
Crow's ‘Foot  Wrench 


Maintenance  Level 

0<-0r  gani  zat  ional 
P-Fleld 


OF 

OF 

F 

OP 

F 


OF 

f 
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TABLE  V  PSTE  INTERFACES  WITH  SYSTEM  DEVELOPMENT  PRODUCTS 


Sveteii  Concept.  Degien.  and  Dgyeloument 

System  Analysis 
Detailed  Specification 
Vendor  Proposals 
Contractual  Data  Requirements 
Specification  Control  Drawings 
(SCD's) 

Preliminary  Drawings 
Final  Drawings  and  Drawing  Release 
Engineering  Change  Proposals  (ECP's) 
Mock-up  Reviews 

Aerospace  Ground  Equipment  Recooiaen- 
datlon  Data  (AGERD's) 

Simulation  Data 
Delivery  Schedules 
Prototype  Equipment 
Production  Equipment 
Technical  Coordination  Meetings 

System  Support 

Maintenance  Concept 
Maintenance  Evaluation  and  Report 
Documents  (KEAR's) 

AGE  Conferences 
Reliability  Data 
Facility  Requirements 
Integrated  Logistic  Support 
Management  Plans  (ILSMP) 

System  Test 

Acceptance  Test  Procedures 
Acceptance  Testing 
First  Article  Demonstration 
Contract  Technical  Compliance 
Inspection  (CTCI) 

Plight  Test  Reports 
Category  I,  II,  and  III  Testing 
Personnel  Subsystem  Test  4 
Evaluation  (FSTE) 

Special  Tests 


Standards.  Specifications,  and  Design 
Criteria 

Military  Standards 
Military  Specifications 
Air  Force  Manuals 
MDC  Engineering  Procedures 
Hunan  Engineering  Criteria 

Manning 

QQPBI  Conferences 
QQPRI  Docunent# 

QQPRI  Field  Verification 

Technical  Orders  (T.O.*s) 

T.Q.  Validation  Demonstrationa 
T.O.  Verification  Demonstrations 
Preliminary  Technical  Orders 

Training 

Training  Program  Conferences 
QQPRI  Conferences 
QQPRI  Docuaents 
Training  Plans 
Training  Texts 

Training  Equipment 

Trainer  Drawings 

Training  Equipment  Conferences 

Trainer  Acceptance  Conference 

Field  Data 

Unsatisfactory  Reports 
Accident  Reports 
Maintenance  Reports 
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The  following  are  potential  applications  of  the  camera  technique  In 
support  of  PSTE; 

*  Problems  involving  visual  access  can  be  graphically  described  by 
placing  the  camera  so  that  it  would  "see"  what  the  Individual  sees 
from  his  working  position. 

*  The  effect  of  parallax  on  reading  displays  can  be  determli  ed  and  the 
resulting  error  could  be  measured. 

*  A  work  envelope  can  be  established  for  certain  tasks  by  placing  a 
string  grid  system  between  the  camera  and  subject.  This  technique 
can  be  further  refined  by  placing  lights  on  body  points  and  taking  a 
time  exposure. 

"  The  adequacy  of  tools  can  be  d<‘fermlned  through  close-up  photography. 
The  suitability  of  tools  depends  on  fit  with  the  fasteners  or  con¬ 
nectors,  the  effect  of  the  torque,  and  the  limits  of  rotation.  The 
camera  can  also  be  used  to  record  tool-caused  damage,  such  as  burring 
or  abrasion. 

*  The  camera  can  be  used  to  document  damage  or  Injury  caused  by  acci¬ 
dents  or  equipment  failure.  Cuts,  blisters,  burns,  or  allergies  can 
be  recorded. 

*  Table  top  or  full-scale  models  can  be  photographed  In  various  config¬ 
urations  describing  more  effective  equipment  layout  and  design. 

In  addition,  routine  PSTE  observation  and  evaluation  can  be  supplemented 
with  the  camera  system.  PSTE  personnel  must  obtain  rapid  results  In  data 
acquisition.  Itia  results  from  using  Polaroid  fllu  allow  the  equipment  to  be 
returned  to  service  quickly.  The  photographic  data  accelerates  Interaction 
with  other  test  force  sections  by  serving  as  a  basis  for  inquiry  and  dis¬ 
cussion. 

PREPARATION  FOR  r'^PFORMING  PSTE 

PSTE  requires  the  evaluator  to  be  familiar  with  the  task.  For  example, 
the  loading  of  most  ordnance  follows  a  pattern  in  sequencing,  tools,  and  AGE, 
and  involves  the  same  number  of  people  in  the  load  crew.  If  the  evaluator 
knows  these  generalities,  he  ;  m  adequately  evaluate  a  procedure  for  a  new 
missile,  bomb,  or  pod  hanging.  Maintenance  on  electronics,  hydraulics,  air¬ 
frame,  and  othsr  subsystems  has  general  patterns  that  are  characteristic  to 
each  subsystem.  Sources  of  pertinent  information  are: 

a.  Personnel. 

PSTE  team  members  can  instruct  inexperienced  individuals  'on  site'  as  to 
critical  tasks  that  are  likely  to  occur  in  raaintcnance.  These  Individuals 
can  be  given  general  orientation  on  the  PS  effort,  equipment  descriptions. 
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a»d  basic  PSTE  responalbilltiea  aud  techniques.  In  early  testing  phases, 
such  personnel  can  observe  specific  taska  when  they  can  be  Instructed  In 
detail  as  to  what  can  be  expected.  Later,  they  observe  and  evaluate  main¬ 
tenance  activities  with  limited  direction.  Their  rep'>rts  should  be  reviewed 
by  experienced  human  factors  personnel  prior  to  Inclusion  ir>  the  test  report. 

b.  Technical  Order  Review. 

A  review  of  the  task  described  in  the  technical  order  is  desirable  In 
Interpreting  the  procedures.  The  technical  orders  are  also  used  to  determine 
adherence  to  or  departure  from  procedures,  Identification  of  T.  0.  errors, 
and  as  a  basis  for  Improving  procedures. 

c.  Critical  Task  Data. 

Marginal  task  ar.£as  Identified  In  early  design  should  be  followed  during 
test  since  change  of  envlronaeuc,  personnel,  frequency  of  use,  or  design  can 
cause  them  to  become  serious  problem  areas.  With  prior  knowledge  of  these 
suspected  areas,  one  can  select  the  techniques  with  'vhlch  to  test  for  criti¬ 
cality. 


d.  Observation. 

Frequently,  It  Is  desirable  to  observe  a  task  being  performed  before 
attempting  an  evaluati  ..  The  specific  area  requiring  data  can  be  determined 
for  a  more  effective  effort. 

e.  Liaison  With  Teat  Sections. 

During  the  course  of  this  study,  PSTb  investigations  were  made  upon 
Information  contained  iu  casual  remarks  by  test  personnel. 


SECTION  III 


EQUIPMENT 

GENERAL 

The  canera  systeo  consisted  of  a  4  In.  x  5  In.  Crown  Graphic  Camera,  a 
Polaroid  Land  Film  Holder  #500,  a  Weston  Master  V  Light  Meter,  and  a  Sampson 
Tripod.  The  camera  system  assembly  and  operation  will  be  found  In  Appendix  I. 

4  ’:N.  X  5  IK.  CROWN  GRiiPHIC  CAMERA 

The  camera  used,  eight  years  old  but  In  excellent  condition,  was  equipped 
with  a  Kalart  coupled  rangefinder,  a  Graph  Lock  back,  a  Graflex  Optar  f/4.7 
lens  and  a  Graphex  shutter. 

The  Crown  Graphic,  widely  used  by  newspaper  photographers  is  standard 
equipment  at  Air  Force  Base  photography  shops.  Recently,  some  base  photo¬ 
graphy  shops  have  converted  to  smaller,  lightweight  cameras.  This  should 
result  In  more  Crown  Graphic  cameras  becoming  available  for  PSTE  purposes. 

The  Crown  Graphic  Camera  possesses  several  distinct  features. 

a.  Large  Image  Size  -  The  4  in.  x  5  in.  Itaage  area  provides  for  adequate 
detail  without  enlargement  In  most  cases. 

b.  Ground  Glass  Focusing  -  Permits  through-the-lens  viewing,  framing, 
and  focusing.  A  fresnel  lens  improves  the  Intensity  of  the  Image  on 
the  ground  glass. 

c.  Double  Extension  Bellows  -  The  lens  to  film  distance  can  be  Increased 
to  twice  the  focal  length  of  the  lens  yielding  a  full-size  image  of 
the  object  Cl;l  ratio), 

d.  Internally  Coupled  Rangefinder  -  The  rangefinder  allows  the  operator 
to  precisely  focus  the  object  from  four  feet  to  infinity. 

e.  Accepts  a  Wide  Variety  of  Film  Types  -  With  accessories,  this  camera 
will  accept  sheet,  pack,  roll,  and  Pr^amid  film  and  glass  plates. 

The  Crovn  Graphic  Canera  is  versatile  and  has  precision  adjustment.  The 
adjustments  for  framing,  focus,  and  image  size  can  only  be  performed  with  a 
camera  chat  allows  ground  glass  focusing.  In  addition,  this  camera  can  use 
Polaroid  4  in.  x  5  in.  land  film  packets. 

POLAROID  LAND  FILM  HOLDER  #500 

Ihis  holder  adapts  the  Crown  Graphic  Camera  t'-  the  4  in.  x  5  In.  Land 
film  packet  shown  in  Figure  5.  Ail  of  the  packets  feature  Imagery  in  one 
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minute  or  leas..  The  photographic  data  can  be  In  black  and  white  print,  black 
and  white  negative  and  print,  or  colot  print.  The  holder  can  be  Inserted  or 
withdrawn  from  the  camera  at  will.  Since  the  holder  will  accept  one  packet 
at  a  time,  the  operator  can  change  the  filut  without  exposing  a  roll  or  change 
the  film  holders. 

WESTON  MASTER  V  LIGHT  METER 

Since  the  Polaroid  land  films  range  in  speed  from  ASA  50  to  ASA  3000 
daylight,  a  light  meter  is  essential.  This  meter  reads  directly  in  foot 
candles  and  has  &  double  scale,  one  for  strong  light  levels,  and  one  for  low 
light  levels.  These  scales  change  automatically  when  the  light  baffle  is 
moved  over  or  away  from  the  photo  cell. 

SAMPSON  TRIPOD 

The  Sampson  Model  7301  tripod  is  a  heavy  duty  unit  extending  to  72  ins. 
and  la  equipped  with  a  pan  head  and  elevator  mechanism.  The  tripod,  also 
used  with  the  video  tape  recording  system,  is  essential  for  photographic  data 
requiring  accurate  poaitioning  of  the  camera  and  exposures  longer  than  1/25 
second. 

POLAROID  LAND  PILM 

There  are  five  types  of  film  available  in  the  4  in.  x  5  in.  packets. 

Each  has  its  advantages  end  limitations. 

a.  Type  57,  Black  and  White  Print,  3000-3200  ASA  -  This  extremely  high 
apeed  film  can  reproduce  an  adequate  record  with  subject  Illuminated 
with  as  little  as  2  or  3  foot  candlea  with  shutter  speeds  as  fast 

as  1/25  second.  It  is  so  sensitive  that  it  cannot  be  used  in  sun¬ 
light  with  the  smallest  aperture  and  fastest  shutter  apeed.  The 
prints  are  somewhat  flat  (reduced  contrast).  This  film  was  the  one 
primarily  used  in  this  study. 

b.  Type  52,  Black  and  White  Print,  400  ASA  -  This  film  is  moderately 
fast  «nd  can  create  good  prlrts  with  good  contrast.  Its  lower 
speed  makes  it  adaptable  to  outdoor  photograph'-.  The  picture 
quality  is  better  than  Type  57  because  it  will  reproduce  much  better 
ir.  the  printing  process. 

c.  Type  55  P/N,  Black  and  White  Negative  and  Print,  30  ASA  -  This  packet 
provides  a  print  for  checking  exposure,  focus,  framing,  and  content. 
The  negative  can  be  used  for  enlargements  and  multiple  prints. 

d.  Type  51,  Black  and  Vlilte  Print  of  High  Contrast,  200  ASA  -  Thta 

speclaliied  fils  Is  for  use  where  the  Image  is  to  be  in  black  and 
white  with  no  intermedia ‘c  gray  tones.  For  purposes,  it  would 

be  limited.  The  film  could  be  used  to  render  paper  records  or 
displays  to  show  markings  more  clear./  by  reducing  the  shaJlr.ge  to 
either  black  or  white. 


e.  Type  58,  Color  Print,  75  ASA  -  The  need  for  color  photographs  in 
PSTE  is  United.  However,  in  sone  cases  where  color  differentiates 
essential  elenents,  or  where  injury  to  the  body  is  encountered, 
it  would  be  useful. 
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SKCTION  IV 


RESULTS 


The  results  of  using  Che  press  camera  with  the  Polaroid  back  on  Che 
AS/APQ  120  radar,  the  Martin  Baker  Mark  117  ejection  seat,  the  engine  inlet 
duct,  high  torque  screw  tools,  and  AGM  6SA  ulaslle  are  presented  here. 

The  use  of  the  camera  system  Involved  access  to  classified  areas,  and 
the  recording  of  classified  material  and  required  a  base  photographer's  pass 
for  the  author.  The  total  field  testing  time  remaining  after  preparation 
was  60  working  days. 

The  Category  II  test  was  In  its  second  year  of  testing.  Most  of  the 
significant  problems  with  the  F-4E  a^nrraft  had  been  reported  In  the  F-4E 
progress  reports.  It  was  felt  that  u.l’siulatlon  of  problems  already  remedied 
just  to  make  photographs  would  not  be  wort  while.  Several  factors  severely 
restricted  the  evaluation  of  Che  aub8yei.'‘ms.  One  was  veacher  conditions. 
Frequent  rains,  heavy  winds,  and  cloud  cover  restricted  the  test  flights 
and  minimized  maintenance  activity.  It  was  not  that  Che  aircraft  could  not 
Cake  off,  but  testing  usually  requires  good  conditions  for  assessing  the 
results  of  the  test,  and  for  eaaurlng  that  Che  various  test  parameters  have 
been  met.  Secondly,  the  radar  subsystem  had  undergone  a  series  of  changes 
and  was  performing  much  better  than  had  been  anticipated.  The  radar  did 
not  fail  during  field  assessment  phase. 

Maintenance  on  the  Martin  Baker  ejection  seat  was  similarly  reduced. 
Removals  to  allow  access  to  other  subsystems  was  the  only  activity  involving 
the  Martin  Baker  seat. 

The  effects  of  the  reduction  of  maintenance  on  the  iwo  selected  subsystems 
was  partially  otfset  by  a  series  of  demonstrations  and  tests  on  other  equip¬ 
ment  ii  earlier  stages  of  development. 

The  PSTE  team  that  originally  manned  the  F-4  Category  II  test  was  reduced 
to  fivo  persons  when  the  field  phase  started,  and  was  further  reduced  to  one 
person,  the  contractor  PSTE  representative,  shortly  thereafter.  Other  team 
members  were  transferred  to  other  test  prograt-xs.  The  ATC  personnel,  formally 
nart  of  the  F-4E  test,  retui.ed  periodically  to  work  with  the  camera  technique. 
Their  knowledge  of  the  subsystems,  facilities,  end  maintenance  schedule  was 
p'  “Xiaset  to  this  study. 

Tixe  results  of  using  the  camera  technique  with  the  two  selected  study 
subsystems  will  be  reported  first.  Results  obtained  in  other  tests  will 
follow: 

AN/APQ  120  RADAR 

The  technicians  in  the  radar  shop  pointed  out  that  the  removal  of  the 
radar  antenna  was  complicated  by  the  design  of  the  bench  and  by  the  lack  of  a 
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special  piece  of  AGE.  The  radar  antenna  weighing  42  pounds.  Is  reisoved  so 
chat  a  malfunctioning  or  suspect  antenna  can  be  checked  out  with  Che  balance 
of  the  subsystem.  An  extender,  bar  allde  rail.  Is  used  on  the  aircraft  Co 
extend  tliC  rndar  package  forward  for  accessibility.  The  radar  bench  wes  not 
provided  with  this  bar  so  Chat  technicians  must  assume  awkward  positions  to 
perform  this  task.  The  bench  structure  beneath  the  antenna  prevents  Che 
personnel  from  getting  under  Che  antenna.  The  removal  requires  two  awn  -  one 
on  each  side  of  the  bench  who  support  the  weight  trlth  their  arms  extended. 

The *6  also  are  several  delicate  components  below  the  antenna  Chat  could  be 
easily  snagged  or  dented. 

This  task  was  recorded  with  the  video  tape  recorder.  A  series  of  still 
photographs  were  made  from  Che  monitor  screen  Co  document  the  technicians' 
body  positions.  The  radar  antenna  Is  a  classified  Item  and  these  pictures 
cannot  be  presented.  However,  It  should  be  pointed  out  that  still  pictures 
taken  of  the  monitor  screen  at  critical  points  provide  data  for  anthropometry, 
work  space  layout,  and  other  measuresienta  Involving  man  and  the  equipment. 

The  contractor  PSTE  representative  was  asked  to  describe  a  field  modifi¬ 
cation  to  the  glare  shield  for  the  radar  scope.  The  modification  consisted 
of  an  additional  rubber  glare  shield  that  Che  pilot  systems  operator  could 
use  to  cut  out  Che  ambient  light  by  placing  his  face  against  the  open  end. 

This  structure  had  a  sloping  end  with  an  area  recessed  to  accept  the  bridge 
of  the  nose.  The  original  glare  shield  and  additional  structure  were  removed 
from  Che  aircraft  and  a  series  of  photographs  were  made  with  Crown  Graphic 
Camera.  See  Figures  6,  7,  8,  and  9.  Since  the  aircraft  was  In  frequent  use, 
data  acquisition  was  limited.  The  report  was  written  using  the  photographs 
as  a  guide. 

Based  on  PSTE  experience  such  a  technique  will  find  constant  use  in  this 
type  of  application.  The  PSTE  personnel  are  frequently  faced  with  the  task 
of  describing  equipment  and  man's  association  with  It.  To  do  an  adequate 
evaluation  and  to  write  a  precise  report,  he  must  have  accurate  Information. 

He  must  determine  part  numbers,  define  locations,  express  relationships  and 
conditions.  Although  he  has  access  to  drawings,  T.  O.'s,  and  other  data, 
selective  photography  of  equipment  and  tasks  trould  significantly  improve 
PSTE  efficiency.  The  time  "aved  by  not  having  to  return  to  the  equipment 
for  additional  notes  or  sketches  or  making  repeated  observations  of  tasks 
Justifies  the  technique. 

MARTIN  BAKER  MARK  H7  FJECTION  SFJIT 

One  of  the  modifications  related  to  the  Martin  Bakev  H7  Ejection  Seat  was 
the  installation  of  a  seat  sequencing  system.  This  system  eneures  chat  the 
seats  will  eject  separately  with  a  short  interval  between  them  to  prevent  the 
rocket  blasts  from  burning  the  aircrew.  One  element  In  the  system  is  a  se¬ 
quence  initiator.  Two  unsatisfactory  reports  were  received  stating  that  the 
initiator  was  found  reversed  in  the  lines.  The  two  hose  connections  are 
Identical  allowing  a  match  in  both  the  correct  and  reversed  positions.  A 
proposed  corrective  measure  was  to  locate  the  initiator  in  a  bracket  that 
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would  only  allow  the  Initiator  to  be  nounted  In  the  correct  position.  This 
bracket  had  a  hole  that  would  only  allow  the  snail  end  of  the  Initiator  to 
pass  through  It. 

The  F-4E  personnel  suspected  that  Che  bracket  Itself  could  be  reversed. 

In  order  to  deteralne  whether  this  reversal  :ould  actually  be  accoBq>ll8hed, 
a  mock-up  of  the  bracket  was  made  and  an  attempt  was  made  to  Install  the 
Initiator  In  both  positions.  See  Figures  10  and  11.  And^  It  was  found  that 
the  Initiator  could  be  reversed.  A  careful  Investigation  was  made  as  to  what 
conditions  might  cause  the  bracket  to  be  reversed. 

The  results  Indicated  that  the  bracket  would  be  Installed  on  the  aircraft 
structure  and  that  this  bracket  irould  not  be  removed  for  the  purpose  of  re¬ 
placing  the  Initiator.  However*  If  the  bracket  Is  removed  for  some  reason  It 
Is  possible  for  it  to  be  reinstalled  backwards.  This  possibility  was  called 
to  the  attention  of  the  Technical  Data  Department  so  that  they  could  Incor¬ 
porate  a  warning  note  In  the  ejection  seat  T.O. 

No  problems  were  Identified  while  evaluating  the  Martin  Baker  seat  that 
were  related  to  trork  space  envelope.  Figures  12,  13,  and  14  depict  the 
potential  of  documenting  this  type  of  problem  by  using  a  string  grid.  This 
grldwork  was  made  by  fabricating  a  wood  framework  and  lacing  a  heavy  cotton 
string  at  3"  Intervals.  The  technician  in  this  series  is  loosening  a  bolt 
on  the  drogue  gun.  Note  that  the  first  and  third  pictures  In  the  series 
show  ejection  seat  structure  interf  rence  preventii^g  full  rotation  of  the 
wrench.  The  third  not  only  shows  Interference  but  a  point  where  the  techni¬ 
cian  could  Injure  his  thimb.  Note  that  the  thmb  Is  between  the  wrench 
handle  and  the  metal  rod. 

The  grid  provides  the  evaluator  with  coordinates  for  establishing  work 
envelopes  and  anthropometry  of  the  task.  Note  that  the  position  of  the  hand 
has  changed  between  the  first  and  second  of  the.  series. 

A  whole  room  can  be  made  a  grid  with  the  four  w^lls  and  ceiling  depicting 
the  actual  work  space.  Photographs  of  a  task  being  performed  on  equipment 
in  the  work  space  can  be  taken  through  any  of  the  walls  or  down  through  the 
grid  celling. 

HIGH  TORQUE  SCREW  DAMAGE 

The  contractor  PSTE  representative  was  investigating  the  cause  of  high 
torque  screw  head  damage.  Two  types  of  tools  were  being  used  to  remove  and 
drive  these  screws.  Hue  to  the  close  tolerances  and  beveled  slot,  these 
tools  roust  be  In  good  condition  or  they  will  damage  the  screw  heads  by 
slipping  out  of  the  slot  and  shearing  part  of  th’  screw  head.  Due  to  the 
high  torque  required  to  break-ouC  the  screw,  a  damaged  head  may  prevent  normal 
removal.  The  tools  In  Figure  15  show  wear  and  should  not  be  used.  A  copy  of 
the  picture  was  sent  to  the  appropriate  personnel  at  McDonnell  Douglas  along 
with  an  Inquiry  as  to  how  screw  damage  could  be  prevented,  and  if  these  tools 
were  considered  appropriate. 
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ENGINE  lYILET  GOCT 


During  flight  the  left  hand  ..r^lne  inlet  duct  was  damaged  by  a  foreign 
object >  as  shown  in  Figure  16.  The  damage  was  such  that  the  repair  at  the 
local  level  was  questionable.  The  author  was  asked  to  take  the  picture  so 
that  it  could  be  forwarded  to  the  contractor  facility  for  direction  as  to 
place  and  method  of  repair.  Test  personnel  wanted  to  expedite  the  repair  and 
wanted  the  letter  out  In  the  next  mall.  Ordinarily  this  would  have  been  a 
base  photography  task,  but  because  of  the  urgency  the  photo  was  taken  with  the 
study  camera.  This  event  is  reported  not  as  a  PSTE  example  but  to  illustrate 
the  speed  with  which  testing  problems  are  attacked. 

MISSILE  INSTALLATION  TRIALS 

The  ACM6SA  Maverick  missile  was  undergoing  trial  installations  during 
the  field  phase.  Extensive  video  tape  recordings  were  made  of  these  trials. 

As  this  final  report  was  being  prepared,  persons  Involved  with  the  ACM  65A/ 

F-A  interface  were  reviewing  the  video  tapes.  They  identified  several  areas 
primarily  involving  work  envelope  and  clearances.  They  requested  photographs 
of  selected  scenes  so  they  could  compare  them  to  drawings.  Thewe  pictures 
were  classified  and  cannot  be  reproduced  here. 
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SECTION  V 


ASSSSSMKfT  AND  EECOMKENDATIONS 


The  utility  of  the  prees  caAcre  with  the  Polaroid  bark  was  recognised 
early  In  the  field  phase.  Use  of  thla  technique  atresaed  support  of  PSTE 
and  alnlnlsed  overlapping  with  baae  photography. 

The  prlnary  applieatlon  of  this  technique  was  In  collecting  data  perti¬ 
nent  to  specific  huafin  engineering  probleas.  The  pictures  are  used  to  check 
drawings  as  a  means  of  coeaunlcatlng  with  other  test  sections  and  contractor 
personnel,  and  to  preserve  the  event  for  analysis. 

The  contractor  PSTF.  representative  would  have  liked  to  have  retained  the 
caaera  for  the  duration  of  the  teat  but  previous  couaitaents  necessitated  Its 
return  to  the  contractor  facility. 

Had  the  caaera  and  Its  accessories  been  available  throughout  the  F-4S 
Category  II  teat,  much  time  and  effort  would  have  been  iiaved. 

Because  the  field  phaae  was  relatively  abort,  there  was  no  effort  to 
obtain  base  photographer  passes  for  PSTE  peraonnel. 

ASSESSKMENT  OF  EQUIPMENT  AND  RECOMMENDATIONS 

a.  Press  Caaera 

(1)  Aasessaent 

The  Crown  Graphic  camera  waa  versatile  ard  performed  well.  Al¬ 
though  the  C'-aplex  Optar  f/4.7  lens  in  relatively  slow,  the  fast  Polaroid 
film  negated  the  neceaslty  for  a  faster  lent.  The  camera  was  adequate  for 
*11  objects  and  enviroiiaent  encountered. 

(2)  Recoisaendatlons 

(a)  The  shutter  and  eperture  controls  on  this  camera  require 
aanual  setting.  It  would  be  most  economical  to  have  a 
lens/shutter  that  would  automatically  adjust  for  bright¬ 
ness.  At  this  time  no  such  unit  exists. 

(b)  The  canera  weights  seven  pounds.  Some  of  the  more  recent 
press  cameras  are  lighter  and  would  be  easier  to  manipulate. 
C.imerrt8  used  for  PSTE  should  be  as  ]  ight  as  possible. 

(c'^  Extcn.sion  tubes  chat  would  Increase  the  lons-to-fllm  dis¬ 
tance  would  allow  magnified  images.  These  would  be  useful 
for  tool /equipment  analysis. 

(d)  There  are  situation#  where  the  operator  cannot  get  in  back 
of  the  camera  to  use  the  ground  glass  focusing  panel. 
Photographing  the  cockpit  from  the  pilot's  eye  position  la 
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a  frequent  problcn  where  the  operator  cannot  uae  the  ground 
glaaa.  A  perlacope  attachaent  on  the  lens  t»uld  adapt  the 
canera  to  Halted  areas. 

(e)  A  locking  case  efiould  be  utilised  to  sto^'e  the  caaMsra 
ayitea. 

b.  Polaroid  Land  Film  Holder 

(1)  AaseaenenC 

The  film  holder  was  adequate  for  PSTC.  However,  In  the  early 
}haae  of  this  atuciy,  tne  operator  aade  acvetal  errors  In  losartlag  the  packet 
and  In  processing.  The  resultaut  contaadnsulon  and  jamlng  required  partial 
dlsnantllng  and  cleaning  of  the  holder.  Another  operator  error  was  In  load* 
vertent^  /  pressing  on  the  canera  while  t;Lthdrawlng  :he  pacloiC  during  process¬ 
ing,  the  uneven  pressure  resulting  In  part  of  the  ..ictur*  r.ot  being  developed. 

(2)  Recoanendatlon 

An  inproved  Polaroid  film  holder  ISAS  with  several  InproveaMnts 
to  reduce  operator  error  should  be  used.  For  exanple,  the  load  and  process 
nechanlsB  has  been  covered  to  prevent  accidentally  altering  the  sprlrut  tension 
of  the  processing  rollers  as  the  flln  packet  la  reL^ved. 

c.  Light  Meter 

(1)  Asseaaaent 

A  light  meter  is  an  essential  accessory  to  the  camera  aystea. 
Quick  establishing  of  the  proper  exposure  cuts  flln  waste  and  '’educes  task. 

The  sensitivity  of  the  Weston  Master  V  was  adequa’’^  for  ambient  cordltiona 
encountered  In  this  study. 

(2)  Recoanendatlon 

An  adequate  light  meter  should  be  used.  The  light  ncter  should 
produce  accurate  teadlnga  aa  low  aa  f:>  e  foot  candles.  This  pens'ts  naking 
correct  expoaurca  under  low  aabler.t  light  conditlona. 

d.  Tripod 

U)  Aaaeaa^ent 

A  heavy  duty  tripod  la  required  for  imagery  rec  Irlng  .tccurate 
placement,  framing,  focusing,  and  rcgletratlon  The  Sampson  Model  7301 
trinod  used  vaa  quite  sturdy.  Tht  pan/cilc  heed  was  in  the  accurate  place¬ 
ment  snd  angle  of  the  camera. 

(2)  RecosBendat Iona 

(a)  Tne  camera  requires  a  tripod  for  most  PSTE  applications. 
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(b)  A  trlpou  with  ap  elevator  mechanism  is  preferable.  It 
reduces  the  need  for  adjusting  the  tripod  legs. 

(c)  In  order  to  permit  photography  from  low  angles,  a  device 
that  attaches  to  the  elevato**  head  and  lowers  the  pan 
head  to  near  floor  level  should  be  acquired. 

e.  Film 

(1)  Aant-ssment 

All  of  the  Polaroid  land  films  offer  rapid  results.  Tlie  charac¬ 
teristics  cf  the  films  permit  photography  under  a  wide  range  of  field  condi¬ 
tions  and  subject  mat'?.r.  F'ash  bulbs  and  electronic  flash  units  would  not 
be  required  normally.  The  trials  with  color  film  (Type  '')  indicated  that  the 
esrposure,  cmbJe-'.t  temperature,  and  processing  time  were  much  more  critical 
than  with  the  black  and  white  film. 

Cleanliness  during  the  print  coating  operation  requires  special 
attention  t  t  and  dirt  falling  on  the  surface  upon  which  the  prints  are 
being  coated  an  picked  up  by  the  coater  and  deposited  on  the  print  surface. 


SECTION  VI 


SUMMARY  AND  CONCLUSIONS 


Use  of  the  press  c^era  with  a  Polaroid  back  is  a  valuable  PSTE  technlqui* 
which  was  quickly  accepted  and  utilized  at  the  test  site.  The  rapid  acqulsi- 
tlon  of  graphic  data  aids  in  the  speed  and  accuracy  of  reporting. 

The  use  of  the  casters  technique  will  be  suasiarized  in  teras  of  the  ori¬ 
ginal  criteria. 

Will  Oblectivelv  Measure  Human  Performance 

The  camera  technique  enables  the  evaluator  to  obtain  static  views  of 
maintenance  activity.  From  the  data  the  evaluator  can  establish  many 
factors  related  to  human  performance,  including  work  space  envelope, 
visual  access,  anthropometry,  and  use  of  tools. 

Provide  Data  That  is  Useful  to  a  System  Test  Effort 

Photographs  taken  with  this  camera  were  used  for  PSTS  and  other  testing 
needs.  A  request  was  made  for  retaining  the  camera  at  the  test  site. 
Unfortunately,  the  camera  was  needed  at  the  contractor's  facility. 

Can  Be  Used  During  Test  Activitlea 

The  caorra  was  used  in  hanc^r,  flight  line,  and  shop  areas.  The  T>ne  57 
fll!«  used  was  fast  enough  to  work  in  even  the  dlanaest  light  situations. 

Will  Produce  Minimum  Interference  With  Test  Activities 

The  vise  of  thu  camera  resulted  in  minlanni  interference  with  maintenance 
activity.  Close-up  shots  (macrophotographs)  requiring  a  tripod  and 
ground  glass  focuslug  take  a  few  minutes  longer  than  the  normal  shots. 

Have  "  Potential  of  Being  Frequently  Used  and  Applicable  to  Many  Sub- 
This  versatile  technique  har  wid**  application. 

Will  Be  Based  On  the  Technique  as  Being  a  PSTE  Tool  in  Contrast  to  a 
Research  nd  Developaen’:  Tool 

TT.is  technique  is  applicable  to  the  testing  and  development  of  systems. 

Car.  Be  Used  by  Test  Personnel  Without  Extensive  Training 

The  ATC  personnel,  the  ccntractoi  PSTE  representative,  and  contractor  PS 
personnel  have  learned  how  to  use  the  camera  system  Ir  an  hour  or  two. 
Because  the  results  can  be  promptly  assessed,  the  operator  learns  the 


correct  procedures  much  more  quickly.  Elementary  photography  texts 
should  be  utilized  by  those  who  Intend  to  utilize  this  technique 
extensively. 

Will  Generate  Data  That  la  Usable  by  SPO's.  Contractors,  and  the  Air 
Force  Commands 

The  photographic  data  has  universal  application.  Its  use  as  a  PSTE  tool 
was  primarily  internal  to  PSTE.  The  resulting  photographic  data  was  used 
to  develop  reports. 

Will  Be  Adaptable  to  a  Fast  Rp.Actlon  Situation 

The  camera  system  Is  capahle  of  being  put  Into  use  within  a  few  minutes. 
If  this  system  were  to  become  a  standard  PSTE  tool,  it  would  overcome 
a  serious  shortcoming  In  present  conditions. 

Will  Provide  Results  That  Have  Operational  Significance 

Use  of  the  camera  penalts  obtaining  details  of  tasks  and  equipment  that 
create  delays  and  cause  damage  to  other  equipment  or  injury  to  personnel. 

A  logical  question  might  be  asked:  Why  should  the  PSTE  team  be  provided 
with  a  camera  when  the  Air  Force  bases  have  photographers  and  weli-equipped 
photo  shops? 

First,  the  use  of  cameras  by  PSTE  personnel  Is  not  intended  to  substitute 
for  base  photography  sup,>ort  of  a  test  effort.  The  proposed  concept  Is  one 
of  additional  photographic  data,  not  one  of  substitution.  Perhaps  the  follow^ 
ing  rationale  will  differentiate  between  the  functions  of  base  photography 
and  PSTE. 

a.  Tlie  PSTE  team  on  Che  test  site  observes  maintenance  tasks.  For  their 
major  portion,  there  is  no  need  for  a  photographer.  To  have  a  pho¬ 
tographer  on  standby  would  be  inefficient. 

b.  In  the  field  of  human  factors,  particularly  PSTE,  the  trained 
observer  knovs  how  best  to  describe  the  critical  task.  He  may  need 
photographs  to  aid  in  description.  Vith  the  delay  of  conventional 
photographic  processes,  he  may  find  that  the  pictures  taken  by 
another  are  Inadequate  and  that  It  Is  impractical  or  too  late  to 
rf'neat  the  task.  This  factor  has  complicated  PSTE  reporting  in  the 
past . 

c.  The  photographic  data  needed  for  PSTE  frequently  does  not  warrant 

the  time  and  expense  of  base  photography  support  because  the  material 
is  usually  used  as  reference. 

d.  Pictures  required  for  reports  normally  should  be  taken  by  the  base 
photographers.  The  high  quality  and  precision  needed  for  rep^cduc- 
tion  is  strictly  a  base  photography  function. 
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e.  T»8ks  that  Involve  critical  aituatlons  should  be  documented  by  the 
base  photographers. 

f.  The  PSTE  team  should  have  the  capability  of  photographing  unexpected 
events.  Normally ,  there  ia  not  enough  time  to  acquire  base  photog¬ 
raphy  support. 

The  camera  system  was  extensively  used  to  provide  data  for  the  illustra¬ 
tions  used  in  the  three  technique  test  guides.  Most  of  the  test  guide 
illustrations  were  baaed  upon  Polaroid  photographs.  As  an  example  as  to  the 
value  of  this  techniciue.  the  illustrators  were  able  to  stake  most  of  the 
illustrations  without  any  further  direction  or  a  need  to  see  the  equipment. 
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APPENDIX 


CAMERA  SET  ASSEMBLY  AND  OPERATION 
INl’BODUCTION 


Thlg  manual  contains  the  procedures  necessary  to  prepare  and  operate 
the  Camera  Set.  The  procedures  consist  of  the  following  sections:  Reference 
Publications;  Precautions  to  be  Observered;  Preparation;  and  Operation. 

The  Reference  Publications  section  lists  the  commercial  manuals  support¬ 
ing  the  Camera  Set. 

The  Precuatlona  to  be  Observed  section  Identifies  various  arses  In  the 
Camera  Set  that,  under  certain  conditions,  are  subject  to  damage  or  nuiy  cause 
Injury  to  personnel,  and  specifies  the  correct  methods  for  avoidance. 

The  Preparation  section  'provl<t<.8  assembly  and  adjustsMint  Instructions 
for  the  Camera  Set  prior  to  operation. 

The  Operation  section  contains  procedures  necessary  to  fully  utilise  the 
Camera  Set. 
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SECTION  1 


REFERENCE  PUBLICATIONS 


1-1.  GENERAl.. 

1-2.  The  following  la  a  Hat  of  publication*  supporting  the  Caaera  Set: 


Horgen,  Willard  D. ,  Lester,  Henry  M.,  Graphic  Graf lex  Photography. 
Morgen  &  Lester,  New  York,  New  York,  1946. 


SECTION  II 

PRECUATIONS  TO  BE  OBSERVED 


2-1.  GENERAL. 

2-2.  The  Precautions  to  be  Observed  section  lists  areas  of  the  Caaera  Set 
that  are  subject  to  damage,  and  provides  Instructions  on  avoiding  damage  or 
Injury  to  personnel. 


2-3.  FILM. 

a.  To  prevent  damaging  the  development  reagent,  do  not  press  the  pod  o: 
the  unused  film  packet. 

b.  Use  care  to  avoid  contact  with  the  brown,  jelly-like  developer  that  Is 
exposed  when  the  film  packet  is  opened.  The  developer  is  caustic  and 
causes  alkali  burns  upon  contact  with  skin.  Keep  the  developer  avay 
from  the  vicinity  of  eyes  and  mouth.  If  developer  contacts  skin,  wipe 
off  immediately,  then  flush  with  water.  Do  not  allow  the  developer  to 
contact  clothes  or  furniture. 
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SECTIOS  III 


PREPASATIOM 

3-1.  GENERAL. 

Z-l,  Section  III,  Preparation,  providea  prellnlnary  Instructions  on  setting 

up  the  Caaera  Set  for  operation.  The  procedures  consist  of  the  following: 

Preparation  of  Caaera;  and  Adjustaent. 

3-3.  See  Figure  3-1  for  conponents  cosprlslng  the  Camera  Set. 

3-4.  PREPARATION  OF  CAMERA. 

HOUNTING  CAMERA  ON  TRIPOD. 

NOTE 

Do  not  perfon  following  procedure  If  Camera 
is  to  be  hand-held  for  action  shots. 

a.  Loosen  lowest  knurled  knob  on  tripod  and  unfold  tripod  legs.  Adjust 
legs  to  desired  elevation. 

b.  Haunt  Caaera  on  Tripod  mount  with  back  of  Caawra  facing  positioning 
handle  on  'iclpod.  Secure  Caaera  with  captive  screw  on  Tripod  mount. 

3-6.  OPEKING/CLOSING  CAMERA. 

'»ee  Figure  3-2. 

3-7.  Opening. 

a.  (Sec  Figure  3-2,  Detail  A)  Press  Bed  Release  Button  (3)  (under  leather) 
or-  ''eaera  (2)  and  lower  caaere  bed  (1)  until  braces  (5)  lock. 

RESITT.T:  Click  Is  heard  and  bed  Is  locked  In  place,  in  line  with 
bottom  of  Caaera. 

b.  Rotate  clas^  (6)  to  forward  position,  loosenlog  '^rant  standard  (4). 

c.  Grasp  loop  on  clasp  (6)  and  pull  front  standard  (h)  to  stops  (9). 

d.  Rotate  claap  (6)  to  right,  locking  front  standard  (4)  In  place. 

3-8.  Cloaing. 

a.  (See  Figure  3-2,  Detail  A).  Adjust  focus  control  (10)  until  infinity 
markers  are  aligned  on  caaera  bed  scale  (7)  and  sliding  track  scale 
(8). 


45 


I.  CAMERA  BED 
CAMS  ft  A 

)'  BED  RELEASE  BUTTOH 

4.  FRONT  STANDARD 

5.  BRACES  (2) 

«.  CLAME 

7.  CAMERA  BED  SCALE 

8.  SLIDING  TRACK  SCALE 
»,  STOPS 

10.  FOCUS  CONTROL 
n.  FOCUSING  PANEL 
12.  FILM  HOLDER 


D€TAtt  8 

FILM  MOLOC'a  removal 
and  iHSf  ALLATICN 


FIGUKS  3-2.  CAMERA  PREPARATION 


b.  Rotate  clamp  (6)  to  forward  position,  loosening  front  standard  (4). 

c.  Grasp  loop  on  clamp  (6)  and  push  front  standard  (4)  into  Camera  (2). 

d.  Push  braces  (5)  in  and  lovn,  and  slowly  lift  camera  bed  (1)  up  Into 
Camera  (2)  until  camera  bnd  snap.;  closed. 

3-9.  FILM  HOLDER  REPLACEMENT, 

Sue  Figure  3-2. 

NOTE 


Film  Holder  normally  reoalr.s  in  Camera 
except  during  giound  glass  focusing.  Klim 
is  normally  loaded  and  removed  from  Film 
Holder  with  Film  Holder  remainini’  in  Camera. 


3-10.  Removal . 

a.  (See  Figure  3-2,  Detail  B).  Ensure  film  is  not  loaded  in  Film  Holder 

(12). 

b.  Grasp  Camera  (2)  and  open  right  side  of  camera  focusing  panel  (11) 
about  one  inch. 

c.  Pull  Film  Holder  (12)  to  right  until  completely  out  cf  Camera  (2). 
Allow  focusing  panel  (11)  to  close  against  Camera. 

3-11.  Installation. 

s.  (See  Figure  3-2,  Detail  B).  Ensure  film  is  not  loaded  ii  Film  Holder 

(12). 

b.  Grasp  Camera  (2)  and  open  right  side  of  camera  focusing  panel  (11) 
about  one  inch. 

c.  Insert  Film  Holder  (12)  a  few  inches  Into  Camera  (2)  with  black  side 
facing  forward  (toward  Camera  lens).  Release  focusing  pa-'el  ill). 

d.  Push  Film  Holder  (12)  left  until  holder  stops  and  cannot  be  pulled 
out  without  opening  focusing  panel  (11). 

RESULT:  Left  edge  of  Film  Holder  is  flush  with  left  edge 
of  focusing  panel. 
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3-:  2. 


ADJUSTMDff. 


3-13.  FOCUSING  CAMERA. 

See  Figure  3-3. 

NOTE 

Three  methods  of  focusing  msy  be  used: 
ground  glass  focusing;  range  finder 
focusing;  or  vernier  scale  focusing. 

Ground  glass  focusix^;  should  be  used 
for  precision  focusing  when  the  distance 
is  unkno%m.  Range  finder  focusing 
should  be  luied  for  less  precise  focusing 
(action  shots)  when  the  distance  Is  unknewn. 

Verr.ier  scale  focusing  should  be  used  when 
the  distance  is  known. 

3-14.  “round  Glass  Focusing. 

a.  .iount  Camera  on  Tripod.  Refer  to  paragraph  3-S»  Mounting  Camera  on 
Tripod. 

b.  Remove  Film  Holder  from  Camera.  Refer  to  para«^raph  3-10,  Resmovsl. 

c.  Open  Camera.  Refer  to  paragraph  3-7,  Opening. 

d.  (See  Figure  3-3,  Detail  A).  Presc  latch  (5)  on  back  of  Ca-aera  (2)  to 
allow  focusing  panel  cover  (1)  to  spring  open,  exposing  ground  glass 
(6). 

e.  (See  Figure  3-3,  Detsll  D) .  On  cafaera  front  standard  (18)  rotats 
Camera  Speed  Scale  (19)  until  "T"  on  Speed  Scale  la  opposite  Speech 
folnter  (21)  on  ahutter/lena  syatem  (22). 

t.  Set  Aperture  Indicator  (24)  to  f/4.y. 

g.  To  open  shutter  (23),  pres?'  and  hold  down  Shutter  Release  Levsr  (25). 
While  holding  Shutter  Release  Lever  down,  gently  set  Cocking  Lever  (20) 
to  right,  then  relea  "ocklnr  Lr-ver.  Release  Shutter  Release  Levar. 

RESULT:  (1)  Shurtei  (23)  opens  and  stays  open. 

(2)  Image  (probably  cut  of  focus)  can  be  seen  on 
ground  glass  (6,  Detail  A). 

h.  Look  through  ground  ^lass  (6)  and  loosen  two  knurled  knoba  on  Tripod 
camera  mount.  Fosltio.i  camera  with  tripod  poaittoning  handle  to  freme 
object  or  scene,  then  tighten  knobs. 
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FOCUSING  PANEt  COVeR 

2.  CAMERA 

3.  RANGE  FINDER  WINDOW 

4.  FOCUS  CONTROL 

5.  LATCH 

6.  GROUND  GLASS 

7.  LIGHT  WINDOW 

8.  ARROW 

».  LIGHT  SCALE 

10.  INDICATOR  BUTTON 

11.  APERTURE  SCALE 

IZ  METER  SPEED  SCAtE 

13.  "DIN"  WINDOW 

14.  “ASA'*  WINDOW 

15.  SCALE  BRAKE  BUTTON 

16.  LIGHT  MFTER 

17.  COVER 

IS.  CAMERA  FRONT  STANDARD 

19.  CAMERA  SPEED  SCALE 

20.  COCKING  LEVER 

21.  SPEED  POINTER 

22.  SHJTTER  LENS  SYSTEfcl 

23.  SHUTTER 

24.  aperture  INO.CATOR 

25.  SHUTTER  RELEASE  LEVER 


FIGIIRE  3-3  CAMERA  ADJUSTMENT 
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i.  AdJuBt  Focus  Control  (4)  until  Isage  on  ground  glASs  (6)  la  correctly 
focu8«d. 

Press  'hotter  Release  Lover  (25)  to  clcso  abutter  (23), 

V.  Fold  focusing  panel  cover  (1)  until  latch  (5)  snaps,  holding  cover 
.'.losed. 

1.  Install  Fli»  Holder  in  Caaicra.  Refer  to  par«s;raph  3-11,  Installation, 

3- 1 5 ,  Ran^e  Finder  Focusing . 

MOTE 

C«t»era  lAy  bo  hnnd-held  or  tsounted  on 
T'lpcd  *fhnr  tatige  flnde-  nethod  it  used. 

a.  If  Caaera  U  to  bi-  Bounted  on  Tripod,  perform  paragraph  3-5,  Kounting 
Caaera  on  Tripod . 

b.  Open  Ke.fer  iO  paragraph  3-7,  Opening. 

c.  (See  Fig,ur£  3-  ),  Detail  A)  loob  through  range  finder  vindovr  (3)  and 

pcaition  Oaicnta  (2)  '.intil  object  or  scene  to  ba  focused  is  In  center 
of  field, 

d.  Adjust  Focue  Control  (4)  until  double  im.«ge  into  onte  clear  lirage. 

CMora  la  no*;  in  focu*. 

3-16,  Vernlnr  Scale  Focuaina. 

a.  HouTit  Camera  cn  Tripod.  Refer  to  paragraph  3-5,  Hcnring  Gamers  on 
Tripod, 

b.  Open  fbussra.  Refer  to  p-<ragrtph  3-7,  Opening, 

c.  (See  Figure  3-2,  l;«taii  A)  Adjust  Foers  Control  (10)  on  Camara  (2) 

until  knovn  distance  value  of  object  or  scene  BiatchcK  or.  eliding  track 

Bcale  (H,  Detail  A)  and  case ra  bed  sccle  (7),  Caaera  should  ?iow  be  in 

focus. 

>17.  FIU,  EXPOSURE  TIME/SHinTfER  APERTURE. 

See  Figure  3-3. 

a.  Detenaine  ASA  or  DIN  lU’siber  from  Polaroid  film  packet  containing  fl^ja 
to  be  used. 

b.  (See  Figure  >-?,  Detail  B)  Press  Scale  Brake  Button  (4)  oa  Light 
Heter  (16)  and  rotate  LIGHT  scale  (9)  until  desired  aSA  or  DIM  no -.ber 
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appear  directly  opposit'S  pointer  on  ASA  wlnv’^iv  (,\4)  or  DIN  window  (13). 
Release  Scale  Brake  Button.  ReadjutfC  LTGH?  ecale  to  ensure  scale 
polnCera  are  exactly  opposlta  nwebers. 

c.  (See  Figure  3~3,  Cetal.1  C)  To  's light  value,  open  cover  (’7) 
cottpletely  ano  snap  Agrirmc  tsv>(  o;  r-cr  Folnt  raar  of  Light  Hater 
at  object  to  be  photographed,  rn  ?  «  hold  Indicator  Button  (10) 
until  red  indicator  on  LIGHT  wind.>w  {/)  stops,  then  release  button, 

RESULT:  Red  indicator  holds  at  Indicated  reading. 

d.  Note  LIGKT  wlndov  (7)  reading,  thea  adjust  Aperture  Scale  (11)  until 
arrow  (S)  is  opposite  eoue  ‘.'alue  on  LIGHT  so^ale  (9). 

e.  To  determine  shutter  aperture  &nd  axpoaure  speed,  decide  whether  a 
long  e^iposure  cr  short  eaptoaure  is  desired  (long  exposure  for  stfetion- 
sry  objects,  short  izposure  for  action  shots).  Long  esqposure  spsads 
(in  seconds)  are  in  red  portion  of  SM'ter  Speud  Scale  (12) ;  short 
exposure  speeds  (fracclokts  of  seconds)  sre  In  silver  and  black  portion 
of  aetet:  Speed  Scale.  When  exposure  speed  is  chcaen,  find  correspond¬ 
ing  shutter  aperture  value  cn  Aperture  Scala  (11)  opposite  chosen 
meter  Speed  Scale  value  (do  not  move  scales) . 

f.  (See  Figure  3-3,  Detail  D)  On  Comrs  front  atanderd  (18,  rotate  Camera 
Speed  Scale  (19)  until  chosen  uxpeauxe  speed  Is  opposite  Speed  Pointer 
(21).  Sec  Cetaera  Aperture  Indicator  (24)  to  shutter  aperture  value 
derived  from  Light  Meter. 
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sEcrtoti  IV 


OPFRATiON 


GMES/L. 


Section  IV,  Operation,  provides  Instructions  for  using  the  Camera  Set 

tci  obtain  photographs  of  oh ^ acts  or  scenes. 

4-3.  TAKIKC  PHOTOGRf.FH . 

4-4.  PREPARATION. 

a.  If  Camera  Is  to  be  KCvinted  on  Tripod,  perform  paragraph  3-5,  Mounting 
C-tioer*  on  Tripod. 

b-  Open  Camera.  Refer  to  paragraph  3-7,  Opening. 

c.  Focus  Ciiaara  at  object  or  to  be  phctof.raphed.  4efer  •.  paragraph 

3-13,  Focus Irg  Camera. 

d.  Set  flic;  exoo3ure  time  and  shutter  aperture  on  Caoere  Refer  to  para¬ 
graph  3“]I,  Film  Exposure  TiBe/Shvjtter  Ape-tute. 

e.  Ensure  Film  Holder  Is  installed  in  Camera.  Refer  to  paragraph  3-11, 
Installation. 

4-5.  PROCEDURE. 

See  Figure  4-1. 

Ipsettlng  Film. 

a.  (See  Figure  4-1,  L'etall  A)  Raise  (A)  LOAD/pRCCESS  lever  (2)  on  Film 
Holder  (3)  to  LOAD. 

C.AirnON 

To  prevent  damaging  development  reagent, 
do  not  press  ood  on  film  packet  (4)  while 
Inserting  packet  into  Camera, 

b.  uraop  film  packet  (4)  es  shown  and  Insert  (B)  m»*tal  clip  Into  slot  in 
Film  Holder  (3)  (ensure  POLAROID  name  on  film  packet  is  positioned  as 
shown).  ?u«h  film  pscket  abcut  hslf  wsy  Into  Film  Holder. 

c.  Hold  Gamers  (1)  flmly  sr.d  grasp  end  of  Him  packet  (4),  pushing  film 
packet  completely  into  F<la  Holder  (3)  until  meCai  clip  clicks  into 
position. 
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1.  CAMIRA 

2.  LOAD/^XOCeSS  LtV8« 

A  PILU  H041DCX 

A  nLIIFACKCy 
V  COCXIMC  LlVtX 
i.  SWUTTtX  XeLlfASt  cevix 
y.  CAMEXA  PHOMT  SfAMOAHO 

t.  Murrex 


D  0 


DETAIL  C 
EXPOSURE 


I 


OETAIL  0 

developihg  picture 

AND  removing  FILM 


figure  4-1  TAKING  PHOTOGRAPH 
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d.  (Sa«  Figure  4-1,  Detail  B>  Carefully  withdraw  (C)  envelope  of  flla 
packet  (4)  until  envelope  atopa.  Lightly  run  finger  ever  pod  ca 
envelope  to  enaure  negative  did  not  coaMt  out  with  ecTelope.  If  pod 
la  not  flat  and  aaooth,  relaaert  envelope  and  repeat  d. 

e.  Flla  la  now  ready  for  taking  pietur*  (expoaura). 

4-7.  gxpoaure. 

a.  (See  Figure  4-1,  Detail  C)  On  Caaera  front  atanJard  (7),  puoh  (0) 
Cocking  Lever  (5)  coapletaly  to  right. 

lUBDI.T:  Red  dot  appeara  and  Cocking  Levar  ranalna  to  .ight. 

b.  To  expoae  flln,  preaa  dotm  (B)  on  Shutter  Ralaaae  Levrr  (6). 

RSSCLT:  (1)  Shutter  (3)  operatea  and  Cocking  Levar  novaa  left 
to  uncoc>w3d  poeition. 

(2)  Cesece  rlla  le  aaqpoaed. 

4-8.  Developtna  and  Reaovlna  Flln. 

Co  (See  Figure  4-1,  Detail  D)  Reloaert  (F)  et-vsiope  until  envelope  etopc. 

b.  Lower  (C)  LC*AD/PROCBSS  lever  (2)  Co  PROCESS  (devclopaent  doee  not  begin 
until  followiitg  atep  la  perfonwid). 

NOTB 

Develrpnent  Ciae  for  aoet  fils  la  fifCaen 
aeconda  at  70*  F;  cback  flla  Inatructlona 
in  flla  box  for  devalopnaat  tlaa  of  parti¬ 
cular  file  baing  uaad.  When  flla  packet 
(4)  la  ranovad  In  next  atap,  begin  aeaaurlng 
developaanc  tlaa  juat  as  peckat  leavec 
Flla  Boldar  (3). 


oumoK 

To  pravaot  poor  developing  of  fila  during 
next  acep,  do  act  alow  down  whan  realetanca 
la  felt  aa  packat  ia  withdrawn.  To  avoid 
Incoapleta  developer  apreed  do  not  vlthdrev 
packat  exceedingly  faat.  lo  evo'4  deaagliQ 
flla  do  not  gr' ey  iny  portion  of  Flla  Bolder 
(3)  while  uit ho raving  packet. 
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c.  To  develop  film,  grasp  Camera  (1)  firmly,  then  grasp  end  of  film 
packet  (A)  and  rapidly  and  aooothly  pull  (H)  packet  completely  out  of 
Film  tiolder  (3).  Begin  timing  development. 

WARKXHG 

Use  care  to  avoid  contact  with  brown, 
jelly-like  developer  that  la  exposed 
when  film  packet  Is  opened.  Developer 
Is  caustic  and  causes  alkali  burns  upon 
contact  with  skin.  Keep  developer  away 
from  vicinity  of  eyes  and  mouth.  If 
developer  contacts  skin,  wipe  off  Ismie- 
dlately,  then  flush  with  water.  Do  not 
allow  developer  to  contact  clothes  or 
furniture. 

d.  When  development  time  ends,  open  film  packet  by  ripping  paper  off  end 
opposite  from  metal  clip. 

e.  Strip  sides  of  film  packet  and  remove  developed  print. 

f.  Discard  film  materials  ccntalnlng  caustic  developer  Into  a  sate 
container. 

g.  Ensure  print  Is  free  from  dirt  and  duat,  and  apply  coating  compoutd 
(contained  In  small  plastic  cylinders  Included  In  film  box)  over  print. 
Coat  print  completely  with  six  to  eight  overlapping  strokes.  Prints 
should  dry  within  five  minutes. 

h.  If  no  further  photographs  are  to  be  taken,  close  Camera.  Refer  to 
paragraph  3-8,  Closing. 
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UMCLASSiniD 


Srcurilv  ClasiificttlMt  _ _ _ _ 


DOCUMENT  CONTROL  DATA  >  N  A  » 

fSvcuHfr  ritfilifaiimm  •#  III#*.  *1  •ftoEMrl  mmataHm  amaf  to  mNev^  mN^  A«  •••mII  rammf  la  r 


I.  oniom*TiH«  ACTIVITY  (CiipoioEo  urtioRj  jHi.nK^nr  «ccv»irT  cuAttenc* yioee 

NcDoimell  Doufla*  Corporation  OMCLASSIFiKD  _ _ 

P.O.  Box  516  mTSiSou^  *■  — — - 

St.  Louia,  Mlasourl  63166  R/A 


».  mK^omr  rirws 

PRESS  CAMERA  WITH  POLAROID  RACE  TBCBnQDR  FOR  PERSOmEL  SCBSYSTEK  TEST  AMD  EVALUATIOM 


4.  octcnti*ri*i 


I  (TVim  aI  ntto>t  m$4  ImImIw  totooj 


*urM44ii(ti  I 


Cyrua  D.  Crit< 


4C  r  en  NO. 


F33615*6S-*C*U76 


tob  OtoOtWATOEft  OCtoHIT  NUitfOgWini 


A.  NK4MCCT  1710 


..Tank  No.  171006 


(«.  MtTWOUTiON  RrAYAliMINr 


Thi«  ^ioc'jiMuit  haa  k«aa  ap^tuvmd  for  public  ralaaaa  and  oala;  Ita  dlatrlbstl£«  la 
uolladtod. 


U.  A:JI»91.CJ4«NT.‘ MY  Nf  TO» 


I.  MKnMAMM*  irlLITMe*  ACTIVtI'V  f 

alnlDR  Ra^rtaanta  Braadi,  Air  Forca 
nan  Raaouieua  Laboratory »  Vrlfbt-l^ttaraoa 
Ohio  A5433 


A  o^udy  waa  parforaad  to  daralop  naw  Paraonaal  Sutayataa  Taat  cad  Raal- 
uation  (PSTZ)  tochnlquaa  for  uaa  during  Gatagorlaa  I,  II,  aad  III  Tftctlng  »f 
groimd  operator  and  aalntanance  functiona.  Th£:  report  deacrlbaa  the  daraal- 
opaent,  aodlf Icatioo,  and  reflnaaent  of  a  preaa  caaera  eyataa  aa  a  FSTS 
technique.  Equlpaemt  and  operational  procedures  devclopW  for  tba  taebsilaae 
were  eraluatad  under  various  coodltiooa,  including  Category  II  Thatlag  at  «a 
Air  Force  base.  Reeulta  shoved  the  utility  of  th.*  caaers  tacbolgaa  for 
huaan  engineering  and  task  aaaeaaee&c.  Specific  r ecfc-ia eadatloao  era  girmm 
for  use  of  this  technique  froii  ryeteai  concept  through  operational  am. 


UNCUSSIFIED 


Sk'cunly  Cl*)*iAiiic«iuoH 


AnChropouetry 

CaiHfirik 

Category  I,  II,  &  III  Testing 
Critical  Tuk  Identification 
Equipccnt  Deaigr. 

Nalatenance  Aanenfinent 

Pernonnel  Subsyatcn  Test  and  Evaluation  (PSTE) 
Polaroid  Pil« 

Systxn  Oevelopaent 
Taatlfif 

Video  I'ap#  Recorder  (VTR) 

Work  Space  Envelope 


